Blowing snow or sand transport generates serious problems such as transport infrastructures buried under snow or sand in many parts of the world. Some of the most important problems that snow and sand storms can cause include drivers getting trapped on the roads, traffic being held up indefinitely, accidents occurring and populations being isolated. Snow fences provide a solution to this problem as they can hold back the snow, preventing displacement and wind-induced drifting. In this way, they reduce these problems on transport infrastructures and improve visibility, providing safer driving conditions. In this review, a classification is proposed of snow fences based on three basic types: earth, structural and living snow fences. Among the structural ones, non-porous and porous snow fences are distinguished. The different possibilities in terms of the placement of snow fences are also analyzed. Finally, different types of snow fences have been compared under design, construction and operation criteria. This review can provide initial guidelines for technicians to choose the best snow fence for blizzard conditions. Keywords: snow fence; blizzard; transport infrastructures; porosity.
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Blizzard
Blizzards are important and frequent winter effects caused by the combination of snow and strong winds (Gordon and Taylor, 2009a ). Strong winds not only interact with snow, causing blizzards; but they can also pick up and transport sand or any other light particles such as dust or ash. Snow occurs in cold climates while sand transport creates problems in desert areas (Bofah and Al-Hinai, 1986; Zhao et al., 2008 ). This paper is mainly focused on snow fences.
Taking the snow transported by blizzard as a reference, there are three different kinds of
movements:
 Surface creep: this takes place when particles are too heavy or wind speed too low. The forces exerted by the fluid are only capable of sliding or rolling particles around the point of contact with the surface. The dragged particles are the smallest proportion of the total transported (Box, 2001 ).
 Saltation: this movement occurs with those particles light enough to be separated from the surface but too heavy to remain suspended in the air or when the wind speed is not enough to keep them in the air. These particles bounce intermittently throughout the mantle of snow, sometimes liberating other particles on impact with the surface (Box, 2001 ). In each jump, particles describe a parabolic trajectory (Kobayashi, 1972) with a maximum height which depends on wind speed, but which rarely exceeds 10cm in height. Most of the saltation particles are in the first 5cm over the surface with speeds lower than (Box, 2001 ). The particles with lower density reach a higher height in the saltation movement, following a power law (Gordon et al., 2009b) . Moreover, the average saltation height and length increase exponentially with friction velocity between wind and particle, because friction velocity influences the wind speed profile (Zhang and Huang, 2008 ).
 Suspension: this is also known as turbulent diffusion and it affects mainly very small particles (≤ 100 μm in air). The turbulent diffusion cannot take place until saltation phenomenon has arisen and the air velocity exceeds the threshold velocity for suspension. The suspended particles undergo turbulent buoyancy forces that overcome gravitational ones. They remain suspended in the turbulent flow until the air velocity decreases and they are deposited on the surface. The velocity of the suspended particles at a given height is close to the average wind speed at that height. The concentration of suspended particles reaches a maximum just above the saltation layer and decreases with increase in height at a rate that depends on wind speed and particle size (Box, 2001 ).
Snow fences as a solution
Different types of barriers or fences are used for different applications. Some of the most important are: barriers against snow avalanche (Gubler, 1988) , rock fall barriers A c c e p t e d M a n u s c r i p t
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Snow fence design provides a solution to blizzard problems in a specific area.
Therefore, after analysing the problem to be solved, it is necessary to delimit clearly and precisely the objectives set out for these barriers. Some of the principal objectives of the snow fences are: -Protection of populations: hold snow or sand outside the populated areas. This objective can improve living conditions in places with frequent blizzard problems (Outcalt et al., 1975; Shitara, 1979; Zhao et al., 2008 ).
-Livestock and agricultural plantations: reduce the impact of the blizzard on these outdoor production activities (Shaw, 1988; Zhao et al., 2008 ).
-Aquifer recharge: store snow in a certain area where the permeability lets this snow melt later and infiltrate into the ground (Sturges, 1992 ). Snow fences have been validated as an alternative to mechanical systems for the collection of snow in a large number of studies (Wangstrom, 1989; Tabler, 1991; Tabler, 1994; Tabler, 2005 A c c e p t e d M a n u s c r i p t
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 Windswept: snow fences with a bottom gap achieve a cleaning effect on the downwind side, removing sand or snow deposits by concentrating the wind action on the surface. Increasing the height of the bottom gap improves the effectiveness of windswept (Naaim-Bouvet, 2001).
Snow fence performance depends on three basic parameters: porosity, height and snow fence bottom gap (Naruse, 1982; Tabler, 1991; Tabler, 1994; Tabler, 2005) .
Furthermore, the angle between snow fences and wind direction is a decisive parameter in the placement of the barriers. According to the cases studied, the best option is to arrange snow fences perpendicular to the direction of wind (Takeuchi et al., 2001 ). If this is not possible, the maximum angle between the snow fences and transport infrastructure should be 30° (Tabler, 1991) .
Snow fence classification
Snow fences can be classified according to various criteria (Tabler, 1994; Kelson, 1999; Tabler, 2005) . In this paper, the proposed classification of snow fences is based on three (Kelson, 1999) . The main disadvantage is that living snow fences begin to be useful only when the vegetation has grown (Shaw, 1988 ; Naaim-Bouvet and Mullenbach, 1998). Therefore, it is necessary to wait for a long time to see the development of the vegetation that reinforces the correct performance of the living snow fence.
The construction of these barriers requires knowledge of vegetation techniques.
Moreover, it is necessary to know the type of native vegetation for the barrier placement. After vegetation is planted it must grow for a certain time until it reaches its functional size, which depends on the species. It is practically unnecessary to maintain these barriers, because their life span is longer than the other snow fences.
Structural snow fences
Structural snow fences are manmade using neither earth nor vegetation. The porosity is the most important design parameter for determining the efficiency of these snow fences Burgos, Spain) to prevent blizzard particle deposits on the railway line.
Non-porous or solid snow fences produce similar deposits of snow on both sides of the barriers. These snow fences are unsuitable when the project aims to collect the maximum number of particles. The amount of snow stored is a third part of the porous snow fences with 50% porosity (Tabler, 1994) . Therefore, the use of non-porous snow fences is recommended only with little available space when porous snow fences lose efficiency. These snow fences function by displacing snow or sand particles carried by the blizzard to the other side of the transport infrastructure which they protect. Most of the particles are stored on the upwind side of the snow fence and they project the other particles to a given distance on the downwind side of it. This distance depends on the barrier height. In relation to the construction of this kind of barriers, the most used heights are in a range between 2 or 3m. Therefore, they can produce an important visual impact on the landscape depending mainly on the materials used for their construction.
 Porous Structural Snow Fences
Porous structural snow fences are defined as barriers whose structure is composed of tables, plates or any other type of element, ensuring the snow fence porosity is over 10% and consequently allowing the passage of most of the wind through them.
Examples of this type of barriers are the Wyoming snow fences (Tabler, 1991) or the porous fences used in desert climates to control sand (Bofah and Al-Hinai, 1986).
Porous snow fences act directly on the blizzard flow and modify the wind profile. Thus, snow or sand deposits can change their shape depending on the design of the snow fence structure. This is why porous barriers are more effective than other barriers in the catchment and storage of blizzard particles.
Performance of porous snow fences depends on:
 Porosity percentage: the higher the porosity, the lower the reduction in wind speed downwind of the barrier, reducing the storage capacity of particles upwind of snow fences. 50% porosity has proved to be the most effective for greater storage of snow or sand particles on the windward face of snow fences (Bofah and Al-Hinai, 1986; Tabler, 1991; Tabler, 1994; Tabler, 2005) . A c c e p t e d M a n u s c r i p t
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 Bottom gap: porous snow fences normally have a bottom gap. Some authors recommend that the bottom gap must be approximately 10% or 15% of the total snow fence height. Above this value, it loses storage capacity (Tabler, 1991; Tabler, 1994; Tabler, 2005) , but it increases the sweeping effect in the area immediately downwind of snow fences.
Construction of porous snow fences does not require heavy machinery for earthmoving.
They are constructed in pieces and their assembly is easier than the construction of non porous snow fences. 
 Plastic Structural Snow Fences
Plastic structural snow fences have low weight and low rigidity in their materials. Due to these characteristics, this type of barriers is used temporally, mainly in civil engineering works and ski slopes.
Plastic snow fences are worse than wooden snow fences according to the Department of Transportation of Ontario. This study was based in 13 quality characteristics related to the handling and durability of the barriers and 2 properties of materials among others.
However, plastic structural snow fences achieve longer life span than wooden snow fences (Perchanok, 1991) . As a non-porous barrier, the concrete structural snow fences displace the snow to the downwind side of the transport infrastructure and their storage capacity is much smaller than porous snow fences.
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This type of snow fences needs more time and heavy machinery for construction than other. Moreover, there can be some problems with concrete because of the weather conditions. Due to this, they must be carefully designed considering the use of concrete with specific additives for these extreme climates.
Snow Fence placement
Some of the variables that define snow fence placement are: snow quantity, wind speed and direction, topography, vegetation and other obstacles on the ground.
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Snow quantity
Snow quantity is the most important parameter in blizzards. The yearly snowfall in any placement influences the snow transport by wind. Moreover, it influences he design of the most suitable snow fence, especially the height. For example, in porous snow fences, this influence is demonstrated with graphs and equations that link snow transport and snow storage to the height of the snow fences (Tabler, 1991) .
Wind speed and direction
Wind speed and direction are two of the most important parameters in blizzard. They directly influence the number of particles transported by blizzards and thus the place and shape of the sedimentation. Wind speed and direction also influence the fall of snow particles. The greater the wind speed, the faster the falling speed in that direction (Gordon et al., 2009b) .
Snow transport by blizzards will depend on the surface size that is blown by the wind.
This area is known as fetch (Tabler, 1991; Tabler, 1994) . From this surface, the wind can take the snow and move it to the sedimentation area that may include a transport infrastructure. This behaviour can be changed if there are natural of artificial obstacles in the path of the blizzard; such as for example snow fences. 
Criteria
 Design
To fulfil the objectives and ensure the necessary functions of a snow fence, it is essential to know the specific elements used in its design, as well as the placement parameters. These additional elements are: the suitability and quality of the materials used, number of components, necessary knowledge and complexity or simplicity of the Considering the construction process, the most appropriate basic type could be the structural snow fence because its manufacture and installation correspond to a totally controlled industrial process. The manufacturing process is continuous and installation is normally quick and easy. On the other hand, living snow fences are more complicated because they must be designed and made by botanic specialists, who are not experts in infrastructure construction. Moreover, they need a lot of time for the vegetation growth and to provide correct performance. Finally, earth snow fences are the least suitable barriers taking into account their construction process, as they require heavy machinery, equipment and a lot of space which could make their installation complicated, especially during the infrastructure working.
Taking into account the operation of the snow fences, the most suitable barrier could be the earth snow fence, always assuming that they are well designed and constructed with compaction and vegetation cover to avoid the erosion. The second best option could be the living snow fences because their maintenance is reduced to the monitoring of the vegetation development. Finally, structural snow fences could be considered the least appropriate according to the operating parameters because they have many elements to maintain and their life span is less than earth or living snow fences. Table 1 where all the positions are reflected. Adding the position in each criterion and considering the total, the most suitable snow fences are structural ones, followed by earth and living snow fences.
Comparison among the various types of structural Snow Fences
Comparison between non-porous and porous snow fences
From the design point of view, the most suitable structural snow fences in terms of porosity could be the non-porous barriers. This is because they have a smaller number of components and their design is simple. On the other hand, the design of the porous snow fences is the most complicated because their function could more complete and they imply the study of more variables.
However, the construction of the porous snow fences could be easier and cheaper than non-porous. This is because of their continuous manufacturing process, which means there is more experience with them. Moreover, non-porous barriers need heavy machinery to move their pieces or to prepare them.
Taking into account the operation, porous snow fences would require less maintenance which is also faster than in the case of non-porous barriers. If a non-porous barrier has a defect or any problem, the solution could be very complicated, even including the change of the complete snow fence. However, in a porous snow fence it is only necessary to change the failed element, keeping the remaining pieces of snow fence. Table 2 , the most appropriate barrier in terms of porosity is the porous snow fence.
Comparison between fixed and temporary snow fences
From the design point of view, fixed snow fences could be considered easier than the temporary ones because they do not require the design of their elements in order to be easily assembled and disassembled.
Nevertheless, temporary snow fences could be the easiest and cheapest barriers to construct. The installation of temporary snow fences is fast and easy because it is not necessary to use heavy machinery and manpower. Therefore, this type of barrier is cheaper than the others because it takes less time and resources to assemble.
For the operation, fixed snow fences could be the best option. They are made of more rigid materials with higher resistance and better anchorages than those used in the temporary snow fences. Moreover, when temporary snow fences fail, it is necessary to change all the snow fence because they are prepared to work as units, not to be repaired partially.
Analyzing the results in Table 3 , the best barriers from the temporality point of view are fixed snow fences. Therefore, analyzing Table 4 and the total column, the most suitable barriers from a materials point of view are the metallic snow fences. This conclusion is limited by the scope of this analysis because the optimal for each application depends on the local conditions in each specific case, the available materials and the experience of the specialists in charge to give their own score based in each considered criterion. Tables   Table 1. Comparison of the three basic snow fence types based on design, construction and operation. Table 2 . Comparison of the structural snow fences in terms of their porosity using design, construction and operation criteria. Table 3 . Comparison of structural snow fences basis of its temporary installation using design, construction and operation criteria. 
Comparison of snow fences made of different materials
